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INTRODUCTION

The following program is intended mainly for use with isotope-ratio
data, such as Rb-Sr isochron diagrams, but is general enough in concept to
be useful for X-Y plotting and linear regression calculation of virtually
any type of data. As given here, the programs were written for a Hewlett-
Packard model 9831 desktop computer with 12K words of memory and a 9872
p]otter,l/ and can be readily modified for use with Hewlett-Packard 9830/
9862 computers/plotters. The resulting plots can be user scaled to different
sizes and height/width ratios, and are high enough in drafting quality that
no difficulty has been experienced in acceptance as camera-ready diagrams by
scientific journals.
FEATURES

The plotting program will accept data from both a 50x35 data array
(Ludwig, 1979) and from keyboard input. To have the plot boundaries, axis
ticks, tick labels and axis labels drawn, the user need specify only the X
and Y Timits of the plot, the X and Y labels, and the dimensions of the plot.
Tick intervals and adjustments for different height/width ratios of the plot
are made automatically, as are centering and right-justification of the tick
Tabels. Data points may be plotted as keyboard symbols (such as *, X, +, B);
as open or solid regular polygons with user specified number of sides, (squares,

triangles, circles, etc.), relative size, and rotational orientation; as

1/ Trade names are for descriptive purposes only, and do not constitute

endorsement by the U.S. Geological Survey.



crosses or boxes (open or solid) whose X and Y dimensions correspond to
analytical error; or as open or solid error ellipses. Once plotted, a least-
squares regression line may be calculated using a modified York (1969)
algorithm, which assumes error in both X and Y parameters, and permits weight-
ing of the points according to their analytical errors and error correlations
(for U-Pb isotope data, see Ludwig, in press). The standard (Model 1) York
treatment assumes all scatter from a straight line is due to normally-
distributed analytical error., If such treatment yields residuals indicating
less than 30 percent probability of the observed scatter resulting from
analytical error alone, the best-fit line is recalculated assuming either
that all the scatter is due to some unknown mechanism yielding a normal dis-
tribution of residuals (Model 2), or assuming that the scatter is due to a
combination of X and Y analytical error plus an "external" variation in Y
values (Model 3). Model 2 assumes that nothing is known about the reason for
the scatter, so all points are weighted equally without regard to analytical
error. Model 3 is especially useful for isochron diagrams of the Rb-Sr type,
in that it assumes a variable (and normally distributed) initial-Y value for
the data points (similar to the Model 3 solution of McIntyre and others, 1966).
The Model 3 solution of this report also solves for the most probable value
of the standard deviation of the initial-Y value by forcing the sums of the
squared residuals to equal N-2 (N = number of data points).

Once a Yorkfit line has been calculated, the user may have an isochron
age and associated uncertainties calculated, for any isotope ratio including
207pb/204pb_206pb/204pb0

To simplify preparation of camera-ready plots, a lettering sub-routine
is included that permits lettering of phrases anywhere on the plot with letters

of arbitrary size, slant, and line rotation.



Special features of these programs are that,

(a) The user may scale the plot to arbitrary dimensions (e.q.

10 in. high by 2 in, wide, 2 in. high by 14 in. wide) without
distortion of letters or symbols.

(b) Tick labels are automatically centered {(along the X axis), right-
justified (along the Y axis) and lettered with a constant number
of digits to the right of the decimal point,

(c) Keyboard data-input is extremely simple, with automatic accep-
tance of either X and Y values only, X and Y values with errors
and error-correlations (required for error-ellipse plotting and
Yorkfit input, or X and Y values with both errors and error-
correlations.

Sample plots are shown in figures 1-3. Instructions for running the
program are printed in appendix 1.

The program is structured into four segments occupying four files on
the standard Hewlett-Packard data cartridge. Part 1 (appendix II) draws the
basic plot box, with tick and axis labels; Part 2 (appendix III) acquires
and plots the data, Tetters phrases, and calculates isochron ages; Part 3
(appendix IV) is the modified York (1969) algorithm for calculating best-fit
lines; Part 4 (appendix V) contains instructions for the program. The file
Tocations of these segments must be specified in Tines 120-190 of Part 1.

The program can be copied onto blank data cartridges if the appropriate
cartridge is supplied to the author, Box 25046, Denver, CO 80225. Simpler
versions requiring keyboard input only and for Hewlett-Packard 9830/9862

computer/plotters are also available.
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Fig. 1:

Fig. 2:

Fig. 3:

FIGURE CAPTIONS

Example of standard-size plot. From left to right, symbols are:
solid, 6-sided polygon; solid error-ellipse; error-cross; asterisk;
solid error-rectangle; open 15-sided polygon; open error-ellipse,

Dashed 1ine is the Model 3 Yorkfit solution,

Example of plot with arbitrary dimensions. All symbols are solid

error-ellipses, dashed line is Model 1 Yorkfit solution.

Example of small-size plot, photographically reduced from 5x7 in.
size to fit in a journal with 3 in. column-width. Symbols are open
and solid 20-sided polygons, solid 3-sided polygons rotated to 270°,

and crosses ("plus" symbol on keyboard).
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APPENDIX I -—-- PEINTOUT OF PART 4 OF PROGRAM (INSTRUCTIONS)

INSTRUCTIONS FOR K.R. LUDWIG EP-9831/9872 GENERAIL PLOTTING PROGRAM
U.S. Geclogical Survey Cren-File Rept. #79-1641

INTRCDUCTION

This program is written for an HP-9831 computer with 12K words
memory, and an HP-9872 plotter. Data may be entered either from the
keyboard, or from deta stored in a split-precision, 50X35 array as
created by the K.R.L. data-file program (U.5.G.S. Open-File Rept. #
79-1434). X- and Y-axis labels may either be taken from the parameter
names defined in the data-file, or keyboard-input. Data-points may
be plotted using a variety of symbols, including open/solid plygons,
error-boxes, error-crosses, or errcr-ellipses. Errors and error-
correlations may be input cither from a dete-file, or from the key-
board, even if the data are from & data-file. Plot-size and relative
dimensions may be adjusted by the user over a wide range without .
distor tion of symbols. Once vlotted, a least-scuares regression line
may be calculated and plotted, ucsing the standard or one of two
mocified York-type aloorithms. Isochron ages and errors for most
isotope-ratio plots (includingy 207-Pb/204-Pb vs. 205-Pb/204-Pb) may
be calculated from the regression-line data.

DISPLAY KESFONSE

DATA FROM TRACK, FIIE#? If you wish to plot data from a data-
filc, enter the track and file numbers
cf thot data-file. 1f data are to be
cnterea only from the keyboard, enter
a space.

SIZFE: 1=3TD, (2)=8MALT., 3=IN3TR.? Enter 1 for a plot scaled
to fit on @ horizental, 3 x 10.5 in.
sheet of paver; enter 2 for a smaller
rlot expressly scaled for reproduction as
a 35mm transpavency or journal-figure
(or -2 for a plot with arbitrary size
but relatively larger labels and symbols);
enter 3 to obtain a printout of these
instructions. Any other number permits
the user to adijust the size of the plot,
using the P1L-PZ controls of the plotter.



¥X-AXIS (WAME OR PARAMETLR #? If data are to be taken mainly from
a data-file, enter the parameter number
cf the X-axis data. Otherwise,
enter a lebel from the keyboard. If you
wish all numerals of the label to be
superscripts, enter 7 as the first
character cf the lakel (e.g., “87Rb/85Sr).
1f you wich the numerals to be subscripts,
cnter an asterisk (*) as the first
character (e.g., *A1203).

Y-AXIS (NAME CR PARANLRTEER 4)7 Seme input as for X-axis.

X AND Y LIMITS? Enter 4 values: X-MIN, X-MAX, Y-MIN,
Y-MAYX, to define the limits of the plot.

A list summarizing the svmbol options now appears as printout.
An input of “€¢° will restert the plot set-up part of the program.

An input of "p” or P’ will permit any regular polyaon of any orien-
tation toc be used as a plotting-symbel. The later "ROTATION  reguest
asks for the arngle in degrees (3 o clock=d degrees, 12 o clock=99
degrees) of a vertex of the nolygen, “SIZE’ recuest asks for relative
size of the polyogon. Valves of 2 tc 3 are most useful. Size is
proportional to the number entered. P aives solid, p open symbols.

An input of “e‘or’t’ will agive oren cr solid error-rectangles
as plottina-symbols.

An input of ‘¢’ or ‘C” will cive open or sclid error-ellipses as
plottino-symbols. You will need¢ to know the correlation-coefficient
cf the X and Y errors (9 if uncorrelated).

An input of “." will give error-croses as plotting symbols.

An input of "L’ or ‘1’ will permit you to letter any statement
anywhere on the plot. The subseguent 'SIZE (.5-2), (BANGLE), (SLANT)?’
display requests a number defining the relative size of the letters
(0.5 to 2 is the most useful rawje); the angle of the line along which
the phrase is to be lettered, in degrees; anad the slant of the

letters (also in degrees). nNote that input of the latter two

parameters is optional -- only the letter-size parameter, or the

1o



letter-size plus line-ancle percmeters need be entered. The next
display will be, 'PCSITION PEu. (LIVC ¥EYFOARL) ~. At this point,
you may position the plotter-pen by using the four “arrow’ keys at
the top of the keyboard. ©»C NOT PPESS A CHARACTER KEY, or the char-
acter will be immediately vrinted on the plcoct. Press the STOP key
when the pen is pecsiticned correctly. 1len type in the statement to
be lettered, and press the 'FXFCUITL  key. To have the phrase lettered
on successively lower lines, include the two-character symbol “//°
wherever you wish the letterinc of the phrase to ke repositioned one
line lower than before, starting just below the first character of
the phrase. 1If the three-character symbol “+/-" is included in the
phrase, it will appeer as a '+  over a - syrbol, as is usually
drafted, and will occupy cne character space.

An input of ‘A” or “a’ will result in the calculation of an isochron
age from a just-calculated Yorkfit slope. Enter the appropriate
decay constant (in units of recivrocal years) when reguested. How-
ever, if the plot is 237-Pb/204-Pb vs 205-Pb/204-Pb, a 207/206 age
will be calculated usinag the JUGS decay constants (207 and 204 must
appear in the Y-lakel and 206 and 204 in the X-label).

’

An input of will result in a line connccting the data-points,
in the order that they were entered.

Any other UPPER CASE keyboard svmiol may also beused as a plotting-
symbol (such as %, *, +, C). Lower-case symbols and other asymmet-
rical characters will not be plotted accurately, however.

DISFLAY RESPONSE

X, (BERR,) Y (,ERR) (,CORRFLATION)? If keyboard input, the data for
ezch point mayv be entered as just the
X and Y values, (2 values separated by
a comma), as the X and Y values together
with their errors (X, X-error, Y,Y-error)
or as the % and Y values together with
their errors and with error-correlations
(X, X-error, Y, Y-erctor, error-correl.).
I1f error or error-correlation infor-
mation that was not enterecd is needed
for later plotting or Yorkfit rurpcses,
it will be regucsted later.

1f the data is to be input from a data-
file, input a2 asterisk followed by the
number (s) of the sets to be plotted.

"



Arn input of *3 will input set 8, whereas
en input of *2,42 would input sets 9
throuaoh 42, inclusive, from the data-file
in memory. 1f you wish to change

the data-filc in memory, input 'DF” or
“df " and the display will request the file
nurber of the new data-file.

when 211 data for the rarticular plot-
tinc-symbol has keen entered, enter
oocr.ace.

PEDIT ENTRY#? (0 IF OK)? 1{ vour data was input correctly,
cnter Q. 1{ corrections are nccessary,
enter the number of the set to ke edited.

LATRE TG BE RETAINEL (1=YRES)? 1f you wish the just-plotted data to
b cembined with subseguently input data
(terbars with different plotting symbols)
for a later Yorkfit, invut 1. Other-
wvire, input anv other number.

X-FERRCRS, Y-ERRORS (LAST CLOCK) This disvlay appears if recuired
crror—infcormation has not been entered.
tor keyboard error-input, enter the
- and Y-errors, separated by a comma.
I1f the errors are stored in the data-
file, however. input an asterisk,
fcllowed by the parameter numbers of the

i

- and Y-errors (e.a., *10,158).

NCTE: ALL ERRORS MUST GE IuprLl I8 FERCFNT AND, FCOR YORKFIT INPUT,
AT THE 2-S1CHA LEVFEL.

ERRCR-CORRELATICHN (LASY RIOCK)Y? Sirilar response to above.
NAME FOF THIS DATA SEU7? Frter a name for the Yerkfit printcut

REMARKS ON YOUKRETY SCILUTIONS



The Yorkfit routine may be done in three ways. The first
solution (York s original aloorithm) weights the points according to
their analytical errors, and calculates the best-fit line and errors
assuming that the only cauce of scatter from a straight line is
analytical error. However, this may not ke realistic if the
calculated probability (from the comparison of the sums of the
squares of the residuals (SUMS) with the degrees of freedom) is low.
This probability ccrresponds to how often one may expect the data,
with their assocciated analytical errors, to give the observed
amount of scatter. If this probability is less than 30%, the
Yorkfit will be redone by assuming either equally-weighted
points with zero error-correlations (model 2), or by assuming that
the cause of the excess cscatter is due tc an additional variance in
the Y-parameter (model 3). The model 2 solution assumes only that
the cause for scatter has a normal distribution. Model 3 corres-
ponds tc the variable initial-ratio problem of Rb-Sr isochrons. The
model 3 soluticn will be calculated whenever the Y-axis name in-
includes tha characters 87Sr/86Sr, 143Nd/144Nd, 206Pb/204Pb, or
207Pb/204Pb when the ¥-axis is not 206Pb/204Pb. The solution will
also calculate the most rrobable value of the standard-deviation of
the initial Y. If the model 1 yrobability is greater than 30%, only
the model 1 soclution will be solved. 1If the probability is between
1% and 39%, the ucser can choose which solution to use. If the
probability is less than 1%, only the mcdel 2 or 3 solution can be
used (for plotting of the best-fit line and for later isochron-age
soluticns). If a model 2 scluticn is obtained when a model 3 so-
lution is desired (or vice-versa), the correct model-solution can
be obtaired hy executing 'SIFLAGL  before running the program.
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APPENDIX II --

coM
REM
REM
DIM

PAPT 1 (SET-UP PLOT) OF
U.S.GEOLOGICAL SURVEY
AS[38],
DIM 0S[50],U8(590],48[50],2S[50]
DIM ES[50]
7$="0123456789 "
DEG
P1=H1=L1=L2=0
REM TRACK #S - I(n,2)
REM FOR I(k,n), k IS
I{1,1]=0

K.R

THE

SLANT 0

GOTO 589

FIXED 0

RETURN

FIXED 1

RETURN

FIXED 2

RETURN

FIXED 3

RETUPN

FIXED 4

RETURN

FIXED 5

RETURN

DEF FNA(X)=INTLGTARSX
DEF FNP (X)
G=10"FNAX/8

IF ABS(X/Q) <=
Q=2*Q

GOTO 370
A=ABSC/10"ENAQ
IF A=INTA THEN
Q=INTA*10 " FNAQ
RETURN Q

DEF FNF (X)
S=E=0

N=X

N=10* (ABSN- INTARSN)
IF N=0 THEN 520
S=8+1

E=1

12 THEN 400

439

2

YS[59]
[4

- AND F1LE #S -
SFCHENT #

LIST OF PART 1 OF PRCGGRAM

AT [59,18],CI[35,13] ,bS([59,35],12,1,E$[80)
LUDWIG
OPFN-FILE REPT.
ES[25],F$[25),V[50]),55[50]
/RS [50],T$
yNS[50],FS[50],GS[1]),11[4,2)

GENERAL PLOTTER
479- 1641
yPSI50],15(14],535(14]
51,25(112],8$[25],TS[50],S5[50]

PROGRAM

I(rn,1) - OF PROGRAM SEGMENTS



510 GOTO 4790
520 RETURN 5
530 DFF FNE(X)=14 (X$INTX)+(ARSX »>= 1)*FNA(ADBSX+ NCT X)+FNFX
540 DEF FNU(J)=J+FOS(TS,",")

550 DEF FNC(I)=POS(%2S$,2S[I,I

560 DEF FNQ(I)=FNC1* (LEN(2$)

570 DEF FNJ(X)=-( NCT X)- (X4

580 B$=" "

590 DISP "DATA FROM TRACKY, FILE#";

600 INEUT TS

610 IF TS=" " THEN 640

620 IF NOT POS(ZS$[1,2]1,TS[1l,1}]) OR NOT POS(Z$,TS$ [FNU1,FNU1l]) THEN 590
630 LOAD DATA #VAL(TS),VAL(TS[FNUL])

640 IF BS=" " THEN 670

650 PRINT LIN1,BS,LIN1,I2"SETS,"I""PARAMETERS DEFINED"LINZ
660 FIND #1({2,11,1(2, 2}

570 DISP "SIZE: 1=S8TL, (2)=SMAIL, 3=INSTK.";

680 INPUT F

690 IF F#3 THEN 710

700 LINK 21[4,11,1104,2]

710 B=(ARSrF=2)

720 IF F#1 AND F#2 THEN 740

730 MAP B*1500,1E+04-3%1500,1125*5,7500-B*1125

740 COSUBR 760

750 GOCTO 1190

760 DISP "¥-AXIS (NAME OR PARAMETER #";

770 INPUT AS

780 ES$=AS

790 IF NOT FNGO THEW 870

800 L1=VAL(ES)

810 IF L1 >= 1 AND L1 <= M ThHSN 840

§20 5CS5UB 22560

830 GOTO 760

840 TRANSFER C[L1l,1] TG AS

850 GOSUR 1000

860 FES=AS

870 DISP "Y-AXIS (NAME OR PARAMETER #)";

880 INPDT AS

860 F$=AS

9500 IF NOT FNCO THEN 989

910 1.2=VAL (FS)

820 IF L2 >= 1 AND L2 <=} TUEN 950

930 GQOSUB 22480

940 GOTO 870

950 TRANSFER C[L2,1] “0O A8

960 GOSUB 1000

370 FS=AS

580 RETURN

990 REM SPACE-TRIIM RCUTINE FOR DATA-FILE IAPAMETER NAMES
1000 1$=a%[14, 25]

1010 HS$S=AS[1,13]

1020 J$=1%

1030 Gosur 1110

1040 1s=3J$

1)
=1) OR FNCLl*FNC2* (LEN(A$)=2)
0)* (FNERX+J-FNFX+ (X=INTX)* (J#0))



1059
1369
1070
1089
1360
11090
1110
1129
1130
1143
1159
1169
1170
11890
119)
1200
1210
1220
1239
1249
1259
12690
1270
12890
1290
1300
1310
1320
1330
1340
1350
13690
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
15590
1560
1570
1580

JS$=HS$S
GOSUR 1110
AS=JS
AS[L+LFN(AS) )=
AS[{L+LEN(AS)1=IS
RETURN

IF JS[1,1}#" " THEN 1159

IF LEN(JS$)=0 THEM 1180

J$=J$ [1L+P0OS(JS," ")}

50TO 1110

IF JS{LEN(JIS)I#" " 70BN 118)

JS$=J$[1,LEN(JS)-1]

GOTC 1159

RETURN

DISP "X AND Y LIMI1S™;

FIND #11[2,1),112,2]

INPUT Al,R1,A2,B2

PFM CATCULATFE TIC INTFRVALS, MAX, # DIGITS IN TIC LABFELS
C5=(Bl-A1)

DS5=(R2-A2)

I.=B1+4C5/25

A3=FNBCS

AS=FNRDS

FOR Y=A2 TC b2 STEP 2*n5

IF ((Y<O)+FNKY)<P1l THEN 1310

Pl=(Y<O)+FNKY

NEXT Y

FOR X=A1 TO K1 STEP 2*AR

IF ((X<D)+FNKY)<HL THEN 1350

Bl=(X<0)+ENKX

NEXT X

REM CAICULATE PLOT DIMENSICNS & RCOM FEQCUIRFD FOK LARFLS
WEITE (705,*)"0p"

ENTER (705,*)X1,Y1,€2,p2

§2=52-%X1

H2=F2-Y1

P=H2/S2

PO=P* (P <= 1)* (D.R5* (H2<7500)+0.65% (B2 >= 7530)*S2/7500)
P9=P%+ (P>1) * (0.85% (S2<7500)+0.45% (82 >= 7590)*H2/7500)
F3=1.9/P9+1.3*% (B+ (SOF(S272+4F272)<6000))
FA4=1,5/P9+(R+(SOF(S272+H272)<06330)) /2

F=P* (F3* (0.6+(POS(FS{L,1]," ™) CR PCS(ES[L,1],"*"))/3)+P1*F4)/54
P3=(21-L*F)/ (1-F)

F=(F4+F3* (0.8+(FPOS(FSIL,1)," " ™)+PCS(FSIL,1),"*"))/3))/43
P7=(A2-B2*F) /(1-F)

SCALE P3,L,P7,R2+4D5/13

REM DRAW PLOT-BCX

WRITE (705,*)"7L.5"

XAXIS A2,A8,A1,R1

WRITE (705,*)"TL0O,.5"

YAXIS B1,A5,A2,B2

WRITE (705,*)"TL.5"

YAXIS Al,AS5,A2,B2

WURITE (705,*)"TLO,.5"

" [}



1590
1600
1610
1620
1630
16490
16590
1660
1670
1680
1690
1790
1710
1720
1730
17490
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1869
1870
1880
1890
1900
1910
1920
19390
1540
19590
1560
1970
19890
1990
2000
20190
2020
2039
2040
2050
2060
2070
2080
20990
2100
2110
2120

XAX1S B2,2r3,A1,B31

IF P=0 THFN 1670

PLOT B1+C5/400,B2+D5/300

IPLOT -1.005*%C5,0

IPLOYT 0,-(1+2/300)*D5

IPLCT 1.005*C5,0

IPLOT 0, (1+42/300)*psS, -1

REM LAEFL TICS

J=0

FOR ¥X=Al TC Bl STEP 2*(1+((E1>95) OF 82 <= 5300))*A8
IF FNFX<J THLN 1710

J=FNFX

NEXT X

FOR X=A1l TC El STFP 2*(14+((H1>5) Ck 82 <= 5000))*A8
LABEL (*,¥4,1.7,0,P)

FLOT X,r2,1

CPLCT FNJX/2-1,-1

GOSUR 1+J* (L- NOT X) CF 220,240,260,289,300,320
LAREL (*)¥;

NEXT X

J=0

FOR Y=A2 TO R2 STEP 2*AaS5

IF FNFY<J THEN 1830

J=FNFY

NEXT Y

FOR Y=A2 TG R2 STEP 2%AS5

FLOT Al,Y,1

CPLOT FNJY-1.3,-0.3

GOSUB 1+J* (L- NOT Y) OF 220,240,260,280,300,329
LABEL (*)Y;

NEXT Y

REM LAREL AXFS

PLOT Al1+C5/2,22,1

CPLOT 0,-1

LABEL (*,F3,1.7,9,P)

CPLOT - (LFN(FS)-1)/2,-0.8-POS(FRS[L,1],""")/3
HS=F$

GOSUR 2059

PLOT Al,A2+135/2,1

LABFI. (*,F4,1.7,90,P)

CPLOT -P1,0

LABEL (*,F3,1.7,90,P)

CPLOT =LEN(FS$)/2,0.5+PCS(FS[L,1],"*") /3
HS=F$

GCSUB 2059

GOTGC 2150
J=POS(HS$S[1,1]," " ")-POS(RS[L,1},"*™)

FOR I=1+4ARSJ TC LEN(HS)

IF  NOT POS(Z$,US{I,I1) 1UFN 2120

CPLOT 0,J/3

LABEL (*)HS[I,I1);

CPLOT 0,-3/3

GOTO 2130

LABEL (*)HS$S[I,1];

17



2130
2140
21590
2160
2165
2170
2180
2190
2200
2210
2220
2230
2249
2259
2260
2270
2280

NEXT I
RETURN

FIND #1(2,1],11(2,2]

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

"DAT2 SYMBOL/CODE OFTICNS"LIN2

"g - TO REDEFINE/RELDRAW PLOT-DOX"

“F/e ---- SOLID/OPEN EPROFP-RECTANGLE"

“"C/c ---- SOLID/OPEN EP'FCR-ELLIPSE"

"e = ERROUR-CROSS"

"P/p ---- SOLID/OPEN POLYGON"

S Sttt LINE CONNECTING PLOTTED POINTS"

"L/l ---- TO LETTEF ON PLOT"

"A/a =---- TO CALCULATE AN ISOCHRON AGE"

B D 4 ANY OTHER ¥FFEYPOARD SYtipOL WILL PLOT AS INPUT"LINL

LINK #1(2,1],112,2)
PRINT LIN2"ONLY"!!" PARAMETFERS DEFINELC IN THIS DATA-FILE"LINZ2

RETURN

END



APPENDIX III -- TLIST OF PART 2 OF PROGRAM

10 REM PART 2, GENEPRAI, PLOTTER, U.S. GFCLOGICAL SUFVEY CPLCN-FILE REPT. # 79- 164]|
20 GOTO 130

30 DEF FNU(J)=J+rosS(TS,",")

40 DEF FNP(J)

50 IF FNUO THEN 70

60 TS[L1+LEN(TS)]=",0"

70 AS=TS

80 TS=TS{FNU1]

G0 IF PBOS(ZS$S,AS[J,J1) THEN 110

100 RETURN 0

110 RETURN VAL(2S[J31])

120 DEF FNO(F)=Y[I]+(-B3*X+F*SQPFLl)/(2*83)

125 1.oap #1(1,1),1({1,2}

130 Z2$="-.0123456789"

140 PLOT B1,B2,1

150 K=1

160 N=0

170 STANDARD

180 AS="WLlra PpEeCc.+*"

190 DISP "DATA SYMBOL OR CCDE";

200 INPUT GS[1,1]

210 G=POS(AS,GS[L,1])

220 G0TO G OF 125,23€0,2380,2650,2650,1830,1290,1299
230 PFINT "USE * PREFIX FOF DATA-FILE SET INPUT"LINL
240 PFRINT "ENTRY4“TRR8"SET4#"IAEL6:FS$[1,10);TAB28"% ERR"TAR44;FS$(1,10] ;TABS6;
250 PRINT "$ ERR"TAR65;"CCRER"LIN2

260 REM DATA-INEUT

270 GCSUE 290

280 GOTC 330

290 DISP "X, (ERR,) Y,(ERF,) (CORRLLIATION)";

300 FIND #1[3,1),1(3,2}

319 INPUT TS

320 RETURN

330 IF TS$S=" " THEHN 1210

340 IF TS[Ll,l1="*" THEN 580

350 IF POS(TS$,"DE") OR POS(TS$,"df") THEN 500

360 REM KEYROARD DATA-1INFUT RCUTINE

370 I=N=1+4N

380 GOSUBR 400

390 GOTC 270

400 X[{I]=FNPL

410 1F FNUJ#Y THEN 440

420 Ufl1]1=0

430 GOTO 459

440 U[I]=FNP1l

450 Y[I]=FNP1

460 S[I1}=FNPL

470 R[I}=FNPL

480 PRINT I;TABL6;X([1];UAE26;U1I1];1ARA4;Y[1]);TPR56;CS([1]); TARGS; R[I]
490 PFTURK



500
510
520
530
549
550
560
570
580
550
600
6510
6290
630
640
65U
660
670
680
690
700
710
720
730
740
759
7640
770
780
790
800
810
829
830
840
850
860
870
889
€90
900
910
920
930
540
954
960
970
980
930

1$=T$[3]

DISP "DAT2 FRCM TRACKE, FILD #";

INPUT T,F

LCAT DATA #71,F

FRINT LIN1,BS,LIN]1,I2"SETS,"M"FARMFIRLS DEFINFD"LINZ
GerTe 270

GCTO 230

REM DATA-FILE CATA-INPUT RCUTINF

TS=TS [L+POS(T$,"*") ]

IF T$="0" THEN 1210

S1=FNPl

S2=FNF1l

§2=82+4S1* NOT &2

S1=S1l* (Sl >= 1)*(S1 <= T2)+(S1<L)+12*(51>12)
§2=82*%(S2 >= 1)* (82 <= 12)+(S2<1)+12*(S2>12)
N=1+N+82-81

FOR 1=N-(S2-S1) TO WN

Z[I]=1-hN+S82

GOosuE 7400

GCTO 759

x[1]=p({2{1],L1)

y{ry=cf{z{1},r2)

U(1}=¢(1]1=R{1}=0

PRINT I1;TAC8;Z[1};TrBL6;X[1];12A144;Y(I]
RETURN

NEXT 1

PRINT LINL

GO10 2790

GOSUE 2059

IF A=0 THEN 81U

GGSUE 1010

IF C£10 ANL G#11 OF J=0 THHN 839

GOSUER 2120

FOEF I=K TO N

IF (X[I] >= AL)*(X[T] <= P1)y*(Y{I] >= A2)*(Y[1] <= B2) TEEN 870
PRINT "SET"I"LIES OUTSILE FILOT LIMITS"LINL
GOTO 9790

PLOT X[I},Y(I],1

GCTC C-6 OF 1329,1320,154%0,1590,159%0,1590,1590,540,940
REM KEYPOARD-SYMRECI DATA FLCLTTING
LABEL (*,1.l+4B/2,1,G,F)

CPLOT -1/3,-1/4

LABEL (*)GS([1l,1);

GOTO 970

LABEI, (*,3*(14B)/2,1.7,0,P)

GCTC 910

PEN

NEXT I

PLOT Bl,B2,1

GOTO 1870

1000 REM ERROR-INPUT

1019 DISE "X-ERRORS, Y-ERKORS ({ASf FLOCK)";
1020 1NnPUT 9$

1030 IF TS([(L,1)="*" THEN 1110

20



1040
1059
1963
1070
1089
1090
11090
1110
1120
1130
11490
1159
1160
11790
1180
11990
1200
1210
1229
1230
12490
1259
1260
1270
12890
1290
1300
1319
1329
1339
1340
1350
1360
1370
1380
1390
14090
1410
1420
1430
1440
1450
1460
1470
14890
1490
1500
1510
1520
1530
1540
1550
1560
1570

F=FNP1

F4=FNP1

FOR I=K TC N
Ul1)=F

S[1]=r4

NEXT 1

RETURN

Pl=FNF?2

P2=FNP1

IF PL >= 1 AND F1 <= 10 AND
GOSUE 2964
GOTC 1010

FOL I=K TU N
ul1y=c(z(r},pl]
s{1]=n(2(1],P2)
NEXT 1

PETUPN

PRINT LIN1

DISF "ZEDIT ENTRY$#? (0 IF GK)";

INPUT 1T

GOCTO  NOT I* (l+(G>8)*(G<14))

GOSUL 290
Gosue 409
GGTGC 1210

EEM POLYGON-SYP'REGL PLOT FOUTINF

DISP "# SIDES, FOTATION, S1iF

INPUT E3,A9,S3
GOTC 230

P2 >= 1 AND
CF 832,739
(1-19)";

FOR U=0 TC (S83>2.5)+59*(G=7)

A7=(L-F3)*(S3/340-U/900)
IF A7<0 THEN 560

FOR J=A9 TC AY+360 STFP 360/13
FLCT X{[I)J+A7*COSJ ,Y[I]+RAT7*SINJ* (B2+D5/13-F7) /(P*(L-P3))

NEXT J
NFXT U
GOTC 960

REM EFRRCE-ELLIFSEF PIOT ROUTINFE

U=1-r{1]72
B3==2*R{I)/(P[I)*C|1]*U)
S3=1/(U*Q[1]72)

FOR J=1 TC 1+(G=11)

FOR F=-1 TC 1 STEP 2

Fa==F*P[I1]/(L+INT(620%P([1])/(L=-P3)))
FOR X=F*P[I] TC -F*P[{I]+F4/2 STEP F4
Fl=(B3*X) 2-4*C3* (X*X/(U*P[I]"2)-1)

Fl=F1*(F1>0)
PLOT X{I]+X,FNCF
IF J=1 THEN 1540
F=-F

FLOT X{I]+X,FNGF
MEXT X

IF J=2 THEN 9690
NEXT F

NEXT J

2

P2

<= U

THFN

1160



1580 GOTC 960

1560 IF X[IT*U(IJ*Y[I}*S[I] THEN 1620

1600 PRINT LIN2"VALUES ANy ERRORS !NUST BE NONZLRO FOR THIS PLOT SYMBEOL"LIN3
1610 GOTC 190

1620 P{I}=X[11*U[I]/100

1630 Q[I}=Y[1]*S{1]/100

1640 GOTC G-8 OF 1660,1660,1410,1410,1770

1650 RE!! ERROR-BROX PLOT ROUTINF

1660 IPLOT -P(1],Q[1]

1670 IPLOT 0,-2*Q[1)
1680 IPLOT 2*P(I],
1690 IPLOT 0,2*Q[1I
1700 1PLOT -2*P[1},0

1710 IF G=10 THEN 960

1720 FCR J=1 TG 3210*P(1}/(1.-P3)

1730 IPLOT (J/2=INT(J/2))*(L-P3)/R00,Q[I])*2*xSIN(90*(J-2))
1740 NEXT J

1750 GCTC 960

1760 REM ERROR-CROSS PLOT ROUTINE

1770 1PLOT 0,C(I]
1780 IPLOT 0,-2*Q(1],
1790 IPLOT -P[1},C[1]
1800 1PLCT 2*P[I],0,-1

1610 GOTC 970

1820 REM PLOT LINE THROUGH DATA-PCINTS RCUTINE
1830 FOR I=1 10 N

1840 BPLOT X([I],YI[I)

1850 NEXT I

1860 GOTO 1490

1870 IF N<2 THEN 1930

1880 DISP "YORKFIT? 1l=YES";

1890 INPUT F

1900 IF F#1 7THEN 1930

1910 GOSUEB 1990

1920 GOTC 2360

1830 DISF "DATA TG EE RETAINED? (l=YES)";

1940 INPUT J

1950 IF J#1 THEN 150

1960 GOSUB 1990

1970 K=1+N

1980 GOTGC 180

1990 GOSUEB 2050

2000 IF A=0 THEN 2020

2010 GOSUB 1010

2020 IF J=90 CR G=11 OR G=12 THEN 21090

2030 GOSUBR 2120

2040 RETURRK

2050 A=J=0

2060 FOR I=K TC N

2070 A=A+ NOT U([I}+ NOT S[I)

2080 J=J+ NO1 RI[I)

2080 NEXT 1

2100 RETURN

2110 REM ERROR-CORFELATION INPFU1 ROUYINE

-1

27



2120 DISP "ELRROR CORKELATION (LAST ELOCK)";
2130 INPUT TS

2140 IF TS{1l,1l1#"*" THLEN 2280

2150 F4=FNP2

2160 1IF F4 >= 1 AND F4 <= M THEN 2190

2170 COSURB 2560

2180 GOTC 2120

2190 FOR I=K TC N

2200 F=Dfzl1],r4]

2210 IF F >= -1 AND F <= 1 THFWM 2253

2220 PRINT LIN2"CHECK PARAMETER ¢ -- "
2230 PRINT "FRR. CCRR. IMNUST BE BETWEEN -1 & 1."LIN3
2240 GOTGC 2129

2250 R[I])=F

2260 NEXT 1

2270 RETURN

2280 F=FNP1l

2290 IF F<=1 OR F>1 THEN 2230

2300 FCR I=K TG N

2310 R[1}]=F

2320 NEXT I

2330 RETURN

2340 K=1+N

2350 IF F#1 THFN 170

2360 LINK #1([3,1},11(3,2]

2370 REM LETTERING ROUTINE

2380 DISP "SIZE (.5-2), (ANGLE), (SILANT)";
2390 INFUT 1S

2400 F=FNKNP1

2410 Sl1=FNFP1

2420 S2=FNP1l

2430 SLANT S2

2440 LABEL (*,F*r3,1.7,S81,P)

2450 DISP "POSITION FPEN. (L1VE KEYBCAFD"
2460 LETTER

2470 DISP "“INPUT STATEMENT FOF LETIERING";
2480 INPUT TS

2490 0Q0=0

2500 FOR I=1 TO LEN(TS)

2519 IF TS |I,I+2]18"+/-" THEN 2559

2520 WRITE (705,2800)

2530 ¢0=1+4(C0

2540 I=3+I1

2550 IF TS{I,1+1]1#"//" THEN 2550

2560 CPLOT -Q0,-1

2570 00=0

2580 I=2+41

2590 LABEL (*)YT1S$S[1,11:

2600 Q0=1+C0

2610 NEXT I

2620 SLANT O

2530 GOTO 150

2640 REM ISOCHRON-AGE CALCULATICHN

2650 IF POS(ES,"206")*PCS(ES,"204")*PCS(FS$,"207") *POS(F$,"204") THEN 2750

23



2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
27890
2790
2300
2810
2820
2839
2840
2859
2860
2370
2880
2390
2900
29190
2829
2930
25490
28590
2960
2970
29890

DISP "DECAY CONSTANT - (l/yr)";
INPUT A

D=1E-06*LOG (1+C) /A

S3=1E-06%F2/ (A* (140))

PRINT "MODEL"I0;"ISOCHRON ACEL =";

FORMAT F8.2," +/-",F8.2," M.Y. (DECAY CONST. =",K11.4,"/YR)"

WRITE (2,2710)0G,S3,A

WRITE (2,279))
GOTO 140
Hl=1

D=FNZQ/LE+06

S3=H1* (FNZ(0+P2)~FNZ(Q-P2)) /2E+06

GOTO 2700

FORMAT /,90"-",/,/

FORMAT "UC-99,0,0,99,4,0,-99,-2,9,9%9,9,-6,-99,-2,3,99,4,0,-99"
REM FUNCTION FOF 207/206 AGE CAILCULATION

DEF FNZ(Q)

A=S9.8485E-10

C=1.55125E-10

IF 0>0.0156 AND (<6.6 THEN 2390

PRINT LIN2"CANNOYT CALCULATE A 7/6 AGE FOF 7/6="0,LIN2
H1=0

PETURN 0

S=3E+09* (SON(-1/24 (0>A/(C*137.88)))+(0>0.7))

F= (C/R)*EXP (S*(C-2))

E=LOG (L+ (EXP (S*C)-1-F* (EXI (S*A)=1)) /(1/(L37.88%Q)~F)) /A
IF ABS(E-S) <1000 THEN 2959

S=F

GOTC 2599

RETURN T,

FRINT LIN2"**** PARAVETI'R NUMEDNRS MUST ©F BEWEEN 1 AND"M"****“LIN3
RETURN

END

24



19

20

30

490

59

60

70

80

9Q

1900
1190
120
130
140
159
160
170
189
190
200
210
229
230
240
250
260
270
280
250
330
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
4890
490
500

APPENLLIX IV —-

REM PART
REM U.S.

3, YORKFIT RGUTINE,
GLCLOGICAL

K.FRk.

[.1sT OF FALRT

LUDWIG
SUPVEY OFFU-FILE REPT.

3 OF PROGRAM

GENLRAL PLOTTEP
$#79-1641

Y5=POS(FS,"87Sr/86Sr" )+POS(FS,"143NE/144N3") +PCS(F$," 2061 b/204Pb")
Y5=(Y5+ NCT POS(ES,"206Fh/204Fb")*POS(FS,"207Pt/204Pb") £0)

GOTC 300
CEF FNT (N)
C=1=1
A=(N/2=INT(N/2))

IF (N=2)/2-1-A<1/2 THEN
C=C* ((N-2)/2-1)

I1=1+1

GOTC 90

RFTURN C* (1+ NCT A* (SCFPI-1))
DEF ENS (K)

=1

FOR I=1 TC ¥
U=U* (K=2+2*1)
NEX1 I

PLTURN U

DEF FNR(S)
T1=T2=0

FOR K=1 TO 100
IF K*LCTS<109
REIURN -1
T1=T1l+ (8 K) /FNSK

IF (T1-T2)<1lE=-05%1'1 THEN
72=T1

NEXT K

RETURN Tl

DISP “NAMF FOF
INPUT AS([1,38]
STANLATLD

PRINT
PRINT
FRINT
PRINT
PRINT
FRINT TAB61"CORRELATION"T.INL
13=10=19=0

Q=1

11=0

S3=0

0=S3

I1=1+11

IF I1>10 THEN 231¢

IF  NOT Y5 OR NOT I3 THEN 49)
ISP "ITER."I9+11/10"NCDEL 3
GCTC 510

DISP "ITER."I1"MODFL"1+413;¢

IF I1>1 AND NOT I3 ThEL 730

130

N
wn
<

ThEN

2‘)\)
THIS

DATA SE1";

TARS"SAMPLE D2ATA:  "AS,LINI
"X = "FS,TAB(S+LFN(F§)),"Y =
LINL"** ERFOES AEFE

25

EPAE "L LLLLLLLLLLLCLKLLC YOFKF I

HF$

2-SICGMA **"[IN2
"SET#"TABL2;"X";TAF24"% FRR"TAP36;"Y";TAR48"% ERR";

S-Nt2

SEOXOD5OOOOOO5O5555> 555" LIN2Z



510
520
530
540
554
550
570
5890
590
609
65610
620
6390
640
650
663
670
680
690
700
710
720
730
749
759
7690
770
780
799
€00
819
329
830
840
852
850
8770
880
860
830
510
9520
930
95490
859
90640
3790
9890
990
1000
1010
1029
1030
1040

FCR I=1 TO N

GOTO NOT I3+2* NOT Y5 OF 519,57J,61L0
N[{I)=(Y[I]1*S[1]/200)"
F{I]=R[I}*SOR(N[I]/(N[I]+8872))
O[I]=1/(N[1]+5872)
GOTO 710

P{1}]=]

el11=1/0"2

R[1]=0

GOTC 710
P{I}]=(200/(X[1]1*C[1])
ClI)=(200/(Y[1}*S([1])
F[1)=R([I]

PFINT I;TAB9;X([I];TAL23;
FIXED 3

FRINT U(I];TAK33;
STANDARD

FRINT Y([I);TAR4T;

FIXED 3

PRINT S{I];TARG63;R([T]
STANDARD

NEXT I
§1=B5=P=82=F=24=X1=Y1=0
FOR 1=1 TC N
MITI)=SQR(P[I]*C[1])

) "2
)2

Z[I}=PI]*CII]/(C*XQ*CII]+E [T]-2*%C*E [T]*M[I])

S1=51+2 (1]

NEXT I

FOP I=1 T0 N
X1=X1+2z [1)*X[I]/S1
Yl=v1+%z [I}*Y[1]/S1
NEXT I

FOR I=1 TO N
UlI]=X[1}-X1
v[I]=y[1]-Yl
BS=B5+ (2 [1]72)* ((

UlI172)/011)=-(Vv(I]72)
D=D+(Z [1]72 *(U[I] (1
U
X 1{
]

(I} /p(1}]-F{1]* (U
74 = z4+z[1]*u[1]
52 QZ+/[I]*X{ 1*
E=F+(Z[1]72)*(U (I
NEXT I
S3=p5 " 2+4 k(X[

IF S3<) THEN 2310
S3= (-B5+SQKS3) / (2*L)

FIND 41(2,1),1(2,2)

IF (RABS(S3-0)>AES (S3/1F+04)) THFN 439
0=53
B5=A8=pA9=74=01=1i2=02=A=C=F=F1=02=03=A5
19=1+1I9

IF 19>30 THEN 2310

FOR I=1 TC N

S=S+% [I1* (V[1]1-0*U[I]) "2

NEXT I

A7T=Y1-C*X1

26
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1050 1F  NOT Y5 OF NOT 13 OF YS5*(2PS(S-N+2)<D.01) THEN 1080
1060 S8=S3*CCF(&/ (t=2))

1070 CGTO 410

1030 D1SP "CALCULATINC ERICOFS®

1090 FOR I=1 10 N

1100 N{IV=Z2[1I]72*%(C72*V [T}/ [1]=-2*C 2*r[1]*C[I]
1110 E[IV1=2[1]172*% (0 "2*%U (1) /F [TV =-2*C*V[1]1/P[1]~-U
1120 22=%22+N[1)]

1130 z3=%3+F[1}

1140 A=2 [1]73* (F[T1*M[I]=0O*C[I1)*(O*U([TI]-VI[I])
1150 C=U{I)/QII1+0*V [1]/P(I)-F[TI}*(QC*U[I]+V[I])/M[I]

1160 B5=A5+4*(A*C)/M[1] "2

1170 C4=2*%[I]1 2% (Q*Q[T1]-F[1]1*11{1])/(S1*M[I]"2)

1180 D=D+D4*U (1]

1190 E=E+L4*V[1)

1200 BS=BS+Z [I] 2% (L[TI] 2% (L/C[1)=2*Q*F[I1]/9[I))+VI[I)*(2*Q*U([1]1-VI[I])/P[I])
1210 NEXT I

1223 FOK I=1 1C N

1230 T(I]=N[I])-2(1]1*22/S1

1240 A8=RB+T(I] 2/E([1]

1250 E[I)=E(I)-2{1)*z3/51

1+2*Q*u (1] /C[11-VII]/Ql

/ML
(T]/ClTV+2*RII]*V[I]/M(1])

1260 A=D*(Q*Q*V[I]/P[I]+2*C*U[I]/Q[I]-V[I]/Q[I])
1273 BA=R+4E* (Q*C*U (1] /P[1]-2*%Q0*V[I}/P(1)-U[1]1/CI1])
1280 A=RA-2%F[I)* C*O*U[I]*D -VI{I]*t) /1" [1)

1290 Fl=F1+Z[1)"2*A

1300 A9=AY+E([I]"2/C (I

1310 NEXT 1

1320 CY9=BS5+A5+F1

1330 FOR I=1 TO N

1340 FS5=FS5+Z [I] 7 2*(F[I1]1*M[I)=0*C[I])*(V[1]-C*L(1])/(n[1])"
1350 NEXT I

1360 FOR I=1 TC N

1370 F4=-Q*Z[1]/S1+(2*E5/S1-%1)* (-T[1]/C9Y)

1380 F7=2 [1}/S1+(2*F5/S1-X1)* (-E[1]/L9)

1390 %4=24+F472/P[1)

1400 H1=HLI+T([I)}*E[I)*F(I]/13[1)

1410 H2=B2+F4*F7*F[1]/M[1]

1420 82=82+F772/0(1)

1430 NEXT I

1440 A=(N$2)*S/ (HN-2+(N=2))

1450 F1l=SQR(Z4+52+2%H?2)

1460 B3=(SQR(AB+AG+2*H1)) /1Y

1470 B5=B3*SQRA

1480 S1=F1*SQRA

1490 FIND #1({2,11,1(2,2)

1500 GOTO (I3#0)* (1+Y5) OF 16906,1650

1510 DISP "CALCULATING CHI-SCUMFE SOLUTION"

1520 IF S4%0 AND ((N>20)* (A<2.9)+(L>T7)* (A<3.9)+(A<1A)) THEN 1550
1530 F= NOT S

1540 GOTO 1570

1550 F=((S/2) " ((N=2)/2))* ((EXF(=S/2))/FNT(N+2))* (L+FNRS)
1560 F=(1-F)*(F#0)

1570 10=1+(F<0D.01)+(F<KU.05)+(£<).3)

1580 WRITE (2,1800)
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1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1739
1740
1750
1769
1770
1780
1790
1800
1810
1820
1839
1840
18590
1860
1870
1889
1899
1900
1910
1920
1930
1940
1959
1960
1979
198¢
1999
2000
2010
2020
2039
2040
2050
2960
2070
20890
20990
2100
21190
2120

PRINT "**MCDFL 1 SOLUTION -- ASSUMES 2LL SCATTER DUE TO ANALYTICAL ERRCR*?
I5=F2=1,96*E3
I14=pP1=1.,96*F1

C2=0

A6=207

GOTC 1770

PRINT "*%**x***MCODEL 3 SOLUTICHN --ASSUMES SCATTER DUE TO ANALYTICAL ERRCR"

PRINT "***k*x*x*x%*P[,US NORIAL VZRIATION IN INITIAL "FS"¥***xxx"[TN]
PRINT LIN1"CALC. VARIATICN IN INITIAL "FS$"="2%¥38" (2-SIGMA)"LINI
GCTO 1710

PRINT "***x*xx**['OpDF], 2 SOLUTION -- ASSUMES EQUALLY WFIGHTED POINTS AND"
FRINT "**x**x***NORMAL DISTKIEULTION CF RESIDUALS"

KESTOFRF 2370

FOF I=1 TO N-2

FEAD C9

NEXT 1

P2=CJ*R5

Pl=C0*sS1

PRINT LIN2,SPRA33"SLOFF"SEALY"INTERCFETY

PEINT SPA33" = =———- YOIAlY e "LINZ

PRINT "BEST-FIvw:"TABR31,( ;TALSHA;AT

FORMAT GO"-",/

WRITE (2,1800)

IF 13 THEN 184U

FRINT "FPROR (1-SI1CMA, A UFICRI) "TAR31,B3;TAR56;F1,LINL

PRINT "ERRCR (1-SICMA, IANCL. SCATTER) "1TAB31,B5;TABS56;S1

PRINT LINLI"EERCE (35% COnNF. LIMITS)"TAB31l,P2;TAL56;P1l,LINI

PRINT LINL,"COORDINATES OF CENTROID: X="X1;"Y="Y1l,LIN1

IF I3 THEN 1940

FORMAT "SUMS =",F7.1," -- FOLLOWS CHI-SQUARF DISTRIRUTICN ABOUT" ,F3.0,/
WRITE (2,18R8J)S,nN-2

FIND %I[2,11,11(2,2)}

ERINT "THE ORSFRVED SCATTLR wILL BF CAUSEL PY THE ASSIGNED ANALYTICAL"
FORMAT 15%,"FRRCFS AIONE",F7.2,"% O 1FE TIME"

WRITE (2,1920)100*F

wWRITE (2,1800)

I13=1+13

IF 13=2 OF 10 <= 1 THEN 2000

IF  NOT Y5 THFL 410

S8=¢1

GCT0 410

D=2+4Y5

IF I0>1 AND I0<4 THIN 2049

I0=(10=1)+D* (1 0=4)

GOTO 2070
DISEF "MODFI, 1 CR MODLL"LD"SCOLUTICN";
INBUT 10

IF I0#1 UMD 1040 THEN 2310
C=02% (10=1)+40*(10=D Ok ID=1)
A7=A0*(10=1)+A7*(1J=0 OR 1J=0)
P2=P2* (I0=D OF 10=U)+15*(1u=1)
PL=P1*(10=D OR I19=9)4I4*(1d=1)
LINE 5,8

DEF FMNX(21)=0*721+A7
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2130
2149
2150
2160
2170
21890
2190
2200
2210
2220
2230
2249
2250
2269
2270
22870
2299
2300
2310
2320
2330
2340
2359
2360
2370
2389
2359
2400
241y

OF 21590,2170,2190

1+ (FNXBL>E2)+2% (A2>ENXBL) OF 2214,2230,2259

SO* (s2-A2)+42,-1

D1*(p2-22) ,~-

DEF ENY(ZL1)=(21-A7)/C

CGCTO L+ (FNXALIOBR2)+2* (FNXxA 1<A2)
PLOT Al,FnXAL

GC1TC 2200

PLCT FNYB2,B2

GCTC 2200

PLOT FMNYA2,A2

GOTO

FLOT B1-9.01* (Bl-Al) ,FNX(P1l-0.31*(k1l-AL)),-1
GOTC 2269

PLOT FNY(9.99* (B2-22)+22),0.
GCTG 2260

FLCT ERNY(RA2+0.0L*(BE2-p2)) ,A2+D.
LINE

MET R=ZVIL

MAT U=ZLF

MAT S=%ZEF

LINK

kr(z,1y,1(2,2]

13=1+13
LINL"**DATA CANNOT FE YOFKEI1 WITH MCDEL"I3+(I34#1)*YS5"ASSUMPTICNS"

FRINT
EFRINT

B S VB U

IF 1I3=1 TEEN 400

10=1
GCTO
LCATA
CATA
DATA
CATA
ENC

2072

12.71,4.3,3.18,2.73,2.%7,2..

2.14,2.13,2.12,2.11,2. 1,?

2.05,2,05,2.04,2.94,2.
2.02,2.02, ?.02,4.02,2 J2

29

’
14

.0
2‘
2.

5,2.36,2.31,2.26,2.23,2.2,2.18,2.16
2.0,,4 08,2.07,2. 07 2.06,2.06,2.06,2
1 2.03,2.03,2.03,2.03,2.02,2.02,2.02
,2.01,2.01

05



APPENLIX ¥V -- T1S1 OF PAPT 4 OF PROCRAM

10 REM INSTERUCTIONS PROGPRAM, GEANFRAL PICTITEL

20 FIND #1(1,11,1(L,2]

30 PRINT "INSTRUCTIONS FOR K.P. LUDWIG UP-9831/9872 GENERAL PLOTTING PROGRAM"
40 PRINT TARBR10"U.S. Geclogical Survey Cpen-tkile kept. #79- 1641"LIN3

50 PRINT "INTROLUCTICGHN"LIN1"-----=---—-—— "LIK2

60 PRINT TAR6"This program is written for ar HP-9831 computer with 12K worde"
70 PRINT "memory, and an FF-9872 plotter. UData may be entered either from the”
80 PRINT "keyboard, or fronm deta stcre¢ in a split-precision, 59X35 array es"”
90 FRINT "createé by the k.R.L. data-file program (U.S.G.5. Cpen-File Rept. #"
100 PRINT "79-1434). X- anrd Y-axis lebels may either be taken fromw the parameter
110 PRINT "names defined in the cdata-file, or keyboard-input. Data-points may"”
120 PRINT "be plottec using a variety of symtols, incluaing cpen/sclid plygons,
130 FRINT "error-boxes, error-crosses, or error-ellipses., Errors and error-"
140 FRIN1T "correlations may be input either from & data-file, or from the key-"
150 FRINT "hoard, even if the catc are from & date-file. Plot-size and relative
160 PKRINT "dimensiors may Le acdjusted by the user over a wide range without”
170 PRINT "distortion c¢f syrbcls. Once plotted, a least-squares regression line
180 PRINT "may be calculatec¢ and plotted, using the standard or one of two"

180 PRINT "modified York-tyre elagcrithms. Isochron ages and errors for most"
200 PRINT "isotope-ratic plets (including 207-Pbh/204-Pb vs. 206-Pb/204-Pb) may"”
210 PRINT "be calculatec from the rearession-line data."LIN3

220 PRINT " DISPLAY"TAL4Q," RECSPONSE"

230 ERINT " —-————- "TAB4Y," "TIN2

240 PRINT "LATA FFRCH TRACK, FILRE?"TAB31"If you wish to plot data from a data-"
250 PRINT T2B30"file, enter the track and file nurkters”

260 PRINT TABE30"of that date-file. 1f data are to be"

270 PPINT T2AE30"enterec only from the keyboard, enter"

280 PRINT T2aR30"a svace."LIN2

290 PRINT "SIZE: 1=587T0, (2)=SMALL, 3=INSTK.? Enter 1 for a plot scaled"
330 PRINT TAP30"to fit on a horizontal, 8 x 10.5 in."

310 PRINT TAB30"sheet of rpaper; enter 2 for a smaller"

320 PRIN1 TAB30"plot expressly scaleéd for reproduction as"

330 PRINT TAB30"a 35mm transctarency or journal-figure"

340 PRINT TAB30"(or -2 for &2 plot with arbitrary size"

350 PRINT 712B30"but relatively larcer labels ana symbols);"

360 PRINT TAE30"enter 3 to obtain & printout of these"

370 PRINT T2B30"instructions. Any other number permits”

380 PRINT TAR30"the user to adjust the size of the plot,"

390 PRINT 7AP30"using the F1l-12 controls of the plotter."LIN2

400 PRINT "X-AXIS (NAME CFE FARAETFEER 7 If data are to ke taken mainly from"
410 FRINT TAR30"a data-file, enter the parameter numbter”

420 PRINT TAR30"of the X-axis data. Otherwise,"

430 PRINT TAR30"enter a label from the keytoara. 1I1f you"

440 PRINT TAB30"wish all numerals of the label to be"

450 PRINT TAR30"superscrirts, enter - as the first"

460 PRINT T2B30"character of thec label (e.g., “87Rb/86Sr)."

470 PRINT TAB30"If you wish the nunerals to be subscripts,"

480 PRINT TABR30"enter an asterisk (*) as the first"

490 PRINT T2AB30"character (e.a,, *Al203)."LIN2Z

500 PRINT LIN2,"Y-AXIS (NAME OF FARAMETEK #)?2"TAB30"Same input as for X-axis."
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510
520
530
532
540
550
560
570
580
590
600
610
629
630
5490
553
660
670
680
590
7990
710
720
7390
749
750
760
770
789
750
500
810
820
830
340
35U
8690
870
880
890
$30
5149
920
$30
949
9552
950
9790
980
530
1000
1019
1029
1030

PRINT
FEINT
PEINT
FPRINT
PRINT
FRINT
PKINT
ERINT
FRINT
FRINT
PRINT
PRINT
FRINT
FRINT
PRINT
FRINT
PRINT
FRIN1
PEINT
PRINT
PRINT
PFINT
PRINT
FRINT
PRINT
FRINT
PRINT
FRINT
PRINT
PRINT
PRINT
FRINT
FRINT
FRIN'
FRINT
PRINT
PRINT
PRINT
PRINT
FRINT
PRINT
PRINT
PRINT
FPINT
FRINT
PPINT
PRINT
PRINT
FRINT
PRINT
PRINT
FRINT
PRINT
PRINT

LIN2"X AND Y LIMITS?"TAR30"Cnter 4 values: X-MIN, X-MAX, Y-MIN,"
TAR3D"Y-NMAY, to cdefine the limits of the plot."LIN3

"a list summarizing the symrbol options now appears as printout.,"LIN2
"An input of “¢° will restart the plot set-up part of the program."Linz
"An input of ‘g’ or ‘P’ will permit any reqular polygon of any orien
"tation to ke usec¢ as a plotting-symkol. The later 'ROTATICN  recues
"asks for the angle in degrees (3 o’ clock=0 degrees, 12 o’clock=%0"
"degrees) of a vertex of the polygon, “SIZE’ request asks for relative
"size of the yclvacn. Vvalues of 2 to 3 are most useful, Size is"
"proportional tc¢ trke numbter entered. P agives soclid, p open syrbols.
LIN2"An input of “¢’or’r’” will give open or solié error-rectangles"
"as plotting-symbele."L1IN2

"An input of ‘¢’ or ©° will aive open or solid error-ellipses as"
"plotting-syntols., vYcu will need to krow the correlation-coefficient
"of the ¥ end Y errorc (0 1f uncorrelated)."LIN2

"An invut of “.° will give error-croses as plottina symbols."LIN2

"An input of ‘17 or ‘17 will permit you to letter any statement”
"arywhere or the rlot. 1he subsecuvent “SIZE (.5-2), (ANGLE), (SL2ZNT)
“display recuests a nurber defininc the relative size of the letters
"(0.5 tc 2 is the most uvseful rance); the anale of the lire along which
"the rhrase i tc he lettered, in decorees; and the slant of the”
"letters (elsc in denrces). tote that input of the latter two"
"parameters 1s orticnal -- orly the letter-size parameter, or thre"
"letter-cize rlus line-ancle parameters need be entered. The next"
"Gisvlay will be, "FOSTTION BEN. (LIVE KEYBOARD) *. At this point,’
"you may rosition the rlotter-ven by using the four “arrow’ keys at"
"the tor of the kevkcard. L[C rOT PFESS A CHARACTER KEY, or the char-
"acter will be immeciately vprinted on the plot. Fress the STCP key"
"when the nen is vositicned correctly. Then type in the statement to
"be lettered, and vress the “PXICUTE’ key. To have the vhrase letter
"on successively lowcr lines, include the two-character symbol “//°"
"wherever you wish the lettering of the phrase to be repositioned one
“line lower than hefcre, starting just helow the first character of"
"the phrase. 1f the three-character symbol “+/-" is included in the"
"phrase, it will agpear as a "+° over a -  symhol, as is vsually"
"arafted, and will occury onre character space."LIN2

“Arn input of 27 or “2° will result in the calculation of an isochron
"age from a just-calculated Yorkfit slope. Fnter the aporopriate”
"decay constent (in units of reciprocal years) wher reguested. How-"
"ever, if tle clot is 2)7-FL/204-Fb vs 206-Fb/204-Ph, 2 207/236 aqge"
"will be calculated vcing the IULCS decay constants (207 and 204 must”
"appear in the Y-lahel and 236 and 204 in the x-label)."LIN2

“An inpuvt of 77 will result in a line connecting the cata-points,"
"in the order that tley were entered ."LIN2

"Any other UPPEF CACSE keypoard syrbcel rav also be used as a plotting-
"symbol (such ac x, *, +, 0). Ilower-case syrnbols and other asymmet-"
“rical characters will not be plotted accurately, however."LIN3
"DISELAY"T1AF4U"RYSTORSE"LINIY - ===~ YTAP4O0Y —mm "LIN2

"%, (EFR,) Y (,tPR) (,CCFRELATION)? 1If Keyboard input, the data for"
TAB30"each point may ke the"

TAB30"X and Y values, (2 values separated Ly"

TABR30"a comra), as the X and Y values together®

TAB30"with their errors (X, X-error, Y,Y-error)"

TAR3J"or as the ¥ and Y values together with"
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1040
1059
1069
1070
1089
1090
1100
1110
1120
1130
1140
1150
1160
11790
1130
1199
1200
12149
1220
1230
1240
1253
1260
1270
12890
1299
13399
1310
1320
1339
1349
1350
1360
1370
138690
1399
14039
14190
1429
1430
1449
14590
1460
1470
14890
1499
1590
1510
15290
1539
1540
1550
15690
1570

PPIUT
PRINT
PRINT
PRINT
PRINT
FRINT
PPINT
FFINT
PRINT
PRINT
FRINT
PRINT
PRINT
PFINT
PRINT
PRINT
PRINT
PRINT
PRINT
FRINT
PRINT
PRINT
PRINT
FRINT
FRINT
FRINT
FRINT
PRINT
FRINT
PRINT
PRINT
FEINT
ERINT
PRINT
FRINT
PRINT
PRINT
PRINT
FPINT
FRINT
PFINT
FRINT
FRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
FRINT
PPINT
FRINT

TAR30"their errors anc¢ with error-correlations"”

TAE3V" (X, X-error, Y, Y-error, error-correl.)."

TAR3U"If error or errcr-correlation infor-"

TAE30"mation thrat was nct entcerecd is neeced"

TAB30"for later rlotting cor Yorkfit curposes,”

TAE30"it will te recuested later ,"LIN2

TAR30"If the date i¢ to be input from & data-"

TAB30"file, input a asterisk followed by the"

TAR3O"numter (s) of the sets to be plotted.”

TAB30"An inrut of *u will input set 8, whereas"”

TAB3U"an input of *9,42 would input sets 9"

TAR3J"through 42, inclusive, from the data-file"

TAR30"in menory. 1If you wish to change"

TAB3JU"the data-file in mwemorv, input 'DF’ or"

TAB30" "df " and the dicsrlay will recuest the file"

TAR30"number of the new data-file."LIN2

TAR30"Wwhen all deta for the particular plot-"

TAP33"tinc-symbol has heen entered, enter"”

TAE30"a space."L1IN3

"ZEDIT ENTFY(? (J 1F OW)?2"T1AR30"If your date was input correctly,"
TAB3Jd"enter U. If corrections are necessary,"

TAR30"enter the nurker of the set to Le edited."LIN3

"DATA 10 DE REITALIGFD (l=YES)? 1f vyou wish the just-plotted date to"
TAB30"be cowbinec¢ with subsecuently input data”

TAB3U " (rerhaps with differert plottina symbols)™

TAR3J"for 2 later Yorkfit, input 1. Other-"

TAB30"wise, inyut ary other number . ."LIN3

"X-EPRCELS, Y-ERRGFS (1297 LILOCKR) This display appears if recuired
TAR3U"error-inforwaticr bLas not heen entered.”

TAR30"For kevyboard error-input, enter the"

TAR30"X- ana Y-errore, seraratec rty a comrma.”

TAB30"1f the errors are stored in the data-"

TAB30"file, hovever. input an asterisk,"

TAR30"fcllowec by the rarameter numbters of the"

TAB3J"X- and Y-errors (e.o., *10,18)."LIN2

"NCTFE: ALL FRREGFS USYT BF INPULT IN PEFCENT AND, FCR YOFKFIT INPUT,
TAR8" AT THE 2-81GMA LEVEL."LINS

"FRRCF-CCPRELATION ([AST RLOCK)? Similar respcnse to above, "LIKZ
"NANE FOF THIS DATA SPr?"TAp3d"inter a name for the Yorkfit printout
DIN3,TARLS"LKEMARKS ON YOLKEIT SCIUTIONS"LINZ

" The Yorkfit routine mway bke done in three ways. The first"
"solution (York s oricinal algorithm) weiochts the points according to
"their analytical errors, and calculates the best-fit line and error$
"assuming that the only cause of scatter from a straiaht line is"
"analytical error. Jiowever, this may not be realistic if the "
"calculated proratiility (frem the comparisor of the sums of the"
"saquares of the residuals (SfULh&€) with the cegrees of freedom) is low
"This prokakility corresponds to how often one nay expect the data,"
"with their a@sscciatec @nalytical errors, to give the observed"
"amount of scatter. If this probebility is less than 30%, the"
"Yorkfit will te recdone ty assunine either egually-weighted"

"points with zerc errcr-cecrrelations (wrodel 2), or by assuming that"
"the cause of the excess scatter is due to an additional variance in
"the Y-parameter (ncdel 3). The model 2 solution assumes only that"
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1580
1599
1600
161v
1620
1639
16490
1650
1660
1670
1680
1690
1700
1710
1720
1730

FRINT
PRINT
FRINT
FRINT
PRILT
FPINT
PREINT
FRINT
PRINT

PRINT

PRINT

PRINT

PRINT
PRINT

"the cause for scatter rhas a norrmel distribution. Nodel 3 corres-"
"ponds tc the veriable initial-ratio problem of Rb~-Sr isochrons. The
"model 3 =olutior will bhe calculeted whenever the Y-axis name in-"
"includes tha characters 87Sr/36Sr, 143Nd/l44NG, 296Fb/204kL, or"
"207Pb/204Fh wher the n-axiz ic nct 290PbE/2J4FPb. The sclution will'
"also calculzte the necst prokable value of the standard-ceviation of
"the initial Y. If the nocel 1 probebility ic agreater than 30%, only
"the mocel 1 scluticr will be sclved. If the prokability is betweer
"1% and 3J%, the vuser caen chcose which solution tc use. If the"
"prorbakility is less ther 1%, only the rodel 2 or 3 sclution can be’
"used (for plottinc c¢f the best-fit line and for later isochron-age'
"sclutions). If a nmcdel 2 sclutior is oktained when a model 3 so-"
"lution ic desirec (cr vice-versa), the correct wmodel-solution carn”
"be obteinec by executina ‘SFLACL  before running the program."LINA4

LGeT 41([1,1),1(1,2]

ENC
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